The effects of additives (sucrose, glucose, and sodium chloride) on textural properties of native and annealed corn starch gels were measured using differential scanning calorimetry, X-ray diffraction, scanning electron microscopy, and texture analyzer. Annealing temperature, additive concentration, and pH affected the corn starch gels. Firmness, consistency, cohesiveness, and viscosity values ranged from 20.55 to 43.70 g, 213.67 to 412.00 g/sec, -25.81 to -15.22 g, and -104.21 to -6.73 g/sec, respectively. The eigenvalue of the texture characteristics of annealed corn starch decreased without additives, and increased with additives. Annealing at 55°C had more effect than did annealing at 45°C.
INTRODUCTION
Plant starches gelatinize when starches are heated in excess water, caused an order-disorder phase transition. During the gelatinization, water diffuses into the starch granules, causing hydration and swelling of the starch granules, loss of crystalline, and amylose leaching. [1] As a result, swollen granules are wrapped by the entangled amylose molecules. The complex molecules are described as a viscoelastic gel when cooling, a phenomenon described as "gelation." The amylose gel network remains unchanged and gelation of amylopectin within the swollen granules develops slowly during storage, leading to increased gel structure. [2] The reverse of this is starch retrogradation, which in mung bean starch has been shown to be affected by many factors, such as storage temperature, sugar, and starch concentrations, the presence of lipids and salts, and chemical or physical modifications. changes in gelatinization characteristics, such as the size, amylose content and swelling power of starches, and makes the starch crystalline structures perfect. [5, 6] However, starches have a wide range of rheological properties, as their state can range from a simple viscous fluid to strong elastic gel. The formation of a plant starch gel depends, in part, on the ratio of amylose to amylopectin and the arrangements of these polymers within the granules, both of which are characteristic and unique to each plant product. [7] These structures are unstable, with the removal of chain segments increasing the mobility of starch molecules and affecting the firmness, consistency, cohesiveness, and other characteristics of the starch gels. The textural characteristics of a starch gel impact its taste and its functional performance, which then determine the range of starch usefulness. [8] The pasting property of starch is one of the important properties and is usually evaluated in the manufacturing process of most flour products. The textural characteristics of a starch gel, once evaluated, are used to improve the quality of flour-containing foods. The key textural characteristic of corn starch involves the re-association of starch molecules during gelling. The amylose of corn starch easily leaches out, leading to the separation of amylose and amylopectin. Lipid components within corn starch allow for the segregation of amylose, which can then form complexes with additives. [9, 10] The use of corn starch in food products affects the gelling characteristics and processing quality of flour-containing foods through the interaction of its leached amylose with additives in the food product. [11] Therefore, this study focuses not only on the modification of corn starch through annealing, but also on the mutual influences of annealing and the addition of sucrose, glucose and/or salt on the textural characteristics of firmness, consistency, cohesiveness, and viscosity of corn starch gels.
MATERIALS AND METHODS

Materials
Native corn starch (NC) was purchased from Sigma Co. (St. Louis, MO, USA). CA45 and CA55 was that 90% moisture corn starch annealed at 45 and 55°C for 72 h, respectively. Biochemical grade sodium azide was purchased from Sinopharm Chemical Reagent Co. (SCRC, Shanghai, China). All other reagents used were of analytical grade from SCRC.
Methods
Preparation of annealed corn starch NC starch was annealed by a single-step process. [12] Starch (3 g) and 27 mL of distilled water were placed in a centrifuge tube (moisture content approximately 90% by weight) and incubated at either 45 or 55°C for 72 h. These conditions were chosen according to the results of Tester, [12] and the annealing effect was obvious under these conditions. Sodium azide was added as a bacteriostatic agent. After the annealing treatment, all starch samples were centrifuged and washed three times with acetone, ethyl alcohol and distilled water, successively. Samples were then collected by suction filtration using a Hirsch funnel and dried at room temperature. 
Concentrations of corn starch and additives
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Differential scanning calorimeter (DSC)
Starch samples were weighed and placed in 5 mL screw-top Sovirel tubes, to which distilled water was added in order to prepare a 20% starch slurry. About 7-10 mg of the prepared samples were added to an aluminum pan and immediately sealed. The sealed aluminum pans were reweighed and were equilibrated overnight at room temperature before DSC analysis. An empty pan was used as a reference. The sealed aluminum pans were heated from 0 to 100°C at a heating rate of 10°C/min. Gelling onset temperature (T O ), peak temperature (T P ), and conclusion temperature (T C ) were measured during heating in the DSC2000 (TA, America). The enthalpy (ΔH, J/g) for gelatinization was calculated automatically with the TA Instruments "Universal Analysis 2000" software program. [13] Each experiment was conducted in either duplicate or triplicate.
Scanning electron microscopy (SEM)
Dry starch granules were sprinkled into a thin layer on double-sided adhesive tape attached to specimen stubs and coated with gold-palladium twice (50 s each time). Granule morphology of each sample was examined using a FEI Sirion 200 SEM [14] at 3 kV accelerating voltage.
X-ray diffraction (XRD)
Dry starch samples were ground into powder by mortar and pestle and passed through a 200 mesh sieve. XRD patterns of starch samples were obtained by a Rigaku TTR-III X-ray diffractometer with a copper target. The diffractometer was operated at 40 kV and 200 mA, with a reflection angle (2θ) from 3°to 50°at a 0.02°step size with the speed of 8°/min. [15] The crystallinity (%) was calculated as follows: [16] Crystallinity
where A c is crystalline area on the X-ray diffractogram, and A a is amorphous area on the X-ray diffractogram.
Texture analyzer (TA)
Starch samples were weighed (dry basis) and placed in a 250 mL beaker, to which distilled water was added in order to prepare 5% starch suspensions. Different concentrations of the additives (sucrose, glucose, and sodium chloride [NaCl]) were completely dissolved in distilled water and added to the 5% (w/v) starch suspensions. [17] The pH of each starch suspension was adjusted with dilute hydrochloric acid or sodium hydroxide solution using a pH meter. The starchadditive suspensions were heated in a water bath for 20 min at a constant temperature (90°C) with moderate mechanical agitation and then cooled to room temperature (approximately 20°C).
Textural properties of the starch gels were determined with a TA.XT Plus TA with a Back Extrusion (A/BE) RIG 45 mm detector. Pre-test speed, test speed, post-test speed, distance and trigger force were 1.5, 2.0, 2.0, 20.0, and 5.0 g, respectively. The trigger type was an auto-test with three repeats. The texture parameters of this system have been measured at room temperature.
Statistical Analyses
All the experiments were replicated three times and the results were reported as the mean combined with standard derivation. Analysis of variance (one-way ANOVA) was performed.
RESULTS AND DISCUSSION
Gelatinization Characteristics by DSC
Previous DSC analysis [18] showed that the temperature at which annealing began (T o ) increased a little as the temperature at which the starch samples were annealed rose between 25 and 45°C, but that a significant linear growth in T o occurred between 45 and 65°C. Therefore, annealing temperatures for these assays were selected at 45 and 55°C.
The effects of annealing on gelatinization characteristics are shown in Table 1 . Annealing at 55°C (CA55) increased the T o , T P , and T C values and decreased the gelatinization range (T c -T o ) and gelatinization enthalpy (ΔH) compared to both un-annealed native cornstarch (NC) and annealing at 45°C (CA45). These changes have been attributed to the perfection of pre-existing crystallites [19] For both annealing temperatures, the magnitude of the change in temperature for each part of the gelling reaction (with respect to NC starch) ranked T o > T P > T c . This corresponded to temperature changes of 1.31 > 0.67 > -0.31°C for CA45 and of 7.96 > 6.26 > 3.55°C for CA55. The ΔT (T c -T o ) was significantly reduced from 8.38 to 6.76°C for CA 45 and to 3.91°C for CA 55. Annealing had a great effect on T o , probably because T o represents the melting of the weakest crystallites. These weak crystallites are more likely to become bonded through annealing than crystallites of higher initial stability. DSC thermograms (Fig. 1 ) visibly show this change in gelatinization characteristics due to temperature annealing.
Microscopic Granule Morphology by SEM
SEM was used to observe the shape and surface characteristics of native and annealed corn starch. There is a dearth of information on the effects of annealing on the starch morphology at the micron scale, although several authors have produced annealed wheat, oat, lentil, barley, and potato starches without any observable changes in granule morphology. [20] However, Wang et al. suggested that annealing might create cracks or pores in the starch particles. [21] Annealed starches from certain barley cultivars have been shown to develop large pores, while in other barley cultivars the pore size increases only slightly. [22] Micrograph images of NC, CA45, and CA55 at a magnification of 1500× (Fig. 2) showed that both the overall shape and surface morphology of the starch granules were similar with (Fig. 2a) or without (Figs. 2b and 2c) annealing.
Crystal Morphology by XRD
The XRD patterns of native and annealed corn starches showed that the crystalline structure of all the corn starch samples followed an A-type diffraction pattern, with main peaks at 15, 17, 18, and 23°. [23] However, annealing of corn starch increased the relative crystallinity of CA45 Values in the same column followed by different letters differed significantly (p < 0.05).
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(up by 0.17%) and of CA55 (up by 0.85%) over the NC (Fig. 3) . The increase in relative crystallinity may be the result of an increase in the order of the crystalline structures, an increase in the sizes of the crystals, a reorientation of the crystals, and/or the formation of new crystallites from previously unassociated starch chains. Additionally, the formation of a double helix structure between amylose and amylopectin may have caused the differences in crystal morphology between NC, CA45, and CA55.
Textural Characteristics by TA
The eigenvalues of the textural characteristics of firmness (maximum peak forward force), consistency (calculated as the area of the positive peak), cohesiveness (maximum peak inverse adhesive), and index of viscosity (the area of the negative peak) were measured for the corn starch gels. In the force-time texture plots, the force value and area of the positive peak become greater with an increase in the cohesion and resistance of the starch gel. The negative force values show the adhesion ability of the gel and probe. The greater the absolute value of the adhesion, the more viscous and sticky the gel.
Different concentrations of NC gels (1, 3, 5, 8%) were analyzed using texture analysis (TA; Fig. 4A ). Firmness and cohesiveness, as reflected in the higher forces withstood by the gel, increased with an increase in the starch concentration (Fig. 4A) . Increased firmness and cohesiveness may result from the parallel orientation of a segment of the linear chain of the amylose molecules when the starch is at higher concentration. In addition, the amount of leached amylose may increase with increased starch concentration. Since the form of the starch gel has been shown to be closely linked to retrogradation of the leached amylose during cooling, [3] gel properties are related to the concentration of the starch suspension.
For the following experiments, a 5% NC suspension was employed for the testing of different concentrations of additives. Different concentrations of sucrose significantly changed the gel properties of the NC gels (Fig. 4B, Table 3 ). Addition of 1% sucrose reduced the textural characteristic values of NC gels, but 10% sucrose led to a slight increase of the four values. Addition of glucose (1-20%) only caused slight changes in the four parameters in the NC gels (Fig. 4C, Table 3 ). Decreases in gel strength from the addition of sugars at lower concentrations (1% sucrose) may be due to the attenuation of the embedded molecular chains, as the sugar forms a hydration layer, which may delay the association of starch molecules. High concentrations (10% sucrose, 5% glucose) of sugar would reduce the water activity of the system, while the interaction of sugar with starch chains made the embedded molecular chains more stable, which increased the texture characteristic of the starch gel. [24] [25] [26] Based on these results, 5% glucose was used for further tests.
The concentration of sodium chloride was optimized. As the sodium chloride concentration increased, the textural characteristics decreased (Fig. 4D) . The dissociation of the Na + and Clˉions in the water affects the interactions between the water molecules and starch molecules, hindering the gelatinization process and reducing the viscosity. [27] The greatest effect on the textural characteristics was from addition of 2% sodium chloride. 
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Alteration of solution pH had substantial effects on the firmness and consistency of the NC gel. Acidic and neutral conditions significantly lowered these parameters, whereas alkaline condition resulted in characteristics similar to those of NC without additives, which had a pH of~~ (Fig. 4E) . One previous study stated that strongly acidic and alkaline conditions decreased the aging rate of the gelatinized starch, decreased the sizes of the starch molecules, and slowed down molecular rearrangement relative to neutral conditions and that pH primarily affected the ionization of the hydroxyl groups on the glucose residues. [26] At pH 5, there was strong dissociation of the glucose molecules in the amylose, causing a reduction in textural properties. At pH 9, OHˉions destroyed the hydrogen bonds between starch molecules, thus changing the textural properties.
Based on the preliminary studies with NC (Fig. 4) , additive concentrations were selected for producing annealed corn starch mixtures for texture analysis (Table 2) . First, the textural characteristics of NC, CA45, and CA55 gels without additives (Fig. 4F) were compared. Annealing at 55°C significantly lowered the corn starch textural characteristics of firmness, consistency, and viscosity. Previous studies found that the swelling power of corn starch increased with annealing and that the rigidity of starch granules is inversely proportional to the swelling degree of granules. [28] Therefore, annealed starch has lower rigidity than native starch, leading to reduced surface hardness (a textural characteristic) in the starch. CA45 exhibited increased, rather than reduced, viscosity. This was attributable to the effects of leached amylose.
Textural analysis was carried out comparing annealed starches (CA45 and CA55) and NC with and without additives ( Table 3 ). Addition of 1 or 10% sucrose resulted in a larger increase in the 
four parameters for the CA55 samples than for the CA45 samples. Addition of 5% glucose to CA45 produced a significant decrease in firmness and consistency, but had the opposite effect on CA55. The addition of 2% sodium chloride in both CA45 and CA55 resulted in an obvious increase in the four parameters, especially in the CA45. This was opposite to what happened to NC with 2% sodium chloride. The effect of pH was different between the CA45 and CA55 samples. Under basic conditions, CA45 was much less firm and CA55 was less firm than NC. However, CA55 under acidic condition was much firmer than both NC and CA45. Both CA45 and CA55 had greater consistency under acidic condition, but NC was more firm under basic condition. The interplay between annealing and high or low pH requires a case-by-case investigation when comparing to both unaltered and pH-influenced NC. For most of the additives, the interplay with annealing (at either one of or both temperatures) resulted in an opposite effect on the gel properties when compared to the additive with unannealed NC. Gel properties are influenced by both the leached-out amylose and the rigidity of the swollen granules, but these two factors are changed by both annealing and the different additives. [3] Annealing has been found to increase crystalline perfection and to optimize the links between glucose residues, leading to strong dissociation. This can happen under strongly acidic or alkaline conditions.
CONCLUSIONS
Annealed corn starch exhibited an A-type X-ray pattern typical of cereal starches. Annealing had no effect on the visual granule morphology of corn starch. Corn starch annealed at 45°C had slightly increased textural properties relative to NC, while corn starch annealed at 55°C had decreased textural properties. Additives had different effects on textural characteristics of the annealed or NC starch gels. The NC gel showed decreased gel strength when mixed with a low concentration of sugar or 2% sodium chloride or under acidic environment, but increased gel strength with high sugar concentration and under alkaline condition. The effects of additives on the textural characteristics of annealed gels were distinctly different. Overall, the strength of CA55 was increased with additives. The strength of the CA45 only increased with addition of 10% sucrose or 2% sodium chloride. In conclusion, annealed and NC starches differed in their textural properties both with and without additives, and annealing at 55°C had a more pronounced effect than annealing at 45°C on the textural properties.
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